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In this work, I tried to improve the efficiency and performance of the sand filter with a
simple low cost method. This work successfully reported an alternative for the traditional
biological sand filter which was considered as a time consuming filter. Miswak and TiO2
were added to the filter and their effects were observed. Three filters were designed (SF-1,
SF-2, and SF-3). The results of this work indicated that chemical oxygen demand (COD) was
reduced by 47.54%, 90.94%, and 95.47% in case of SF-1, SF-2, and SF-3, respectively.
Moreover, the total suspended solids (TSS) removal % reached to 98.05% for both SF-1 and
SF-2. Also, the total organic carbon (TOC), surfactants (SUR), biochemical oxygen demand
(BOD), and total bacterial count were reduced when SF-1, SF-2, and SF-3 were used.
Copyright 2015, Beni-Suef University. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).1. Introduction
Surfactants are compounds that lower the surface tension (or
interfacial tension) between two liquids or between a liquid
and a solid. Surfactantsmay act as wetting agents, detergents,
dispersants, emulsifiers, and foaming agents. Surfactants can
be found in water as a result of wastewater irrigation, sludge
application, washing, and remediation processes. Some of
them are toxic to animals, plants, and humans, and can in-
crease the diffusion of other contaminants (Ivankovic and
Hrenovic, 2010).
Recycling and reusing of wastewater has become one of
the most important parts of water management demands. In
addition, the removal of pathogens, nutrients, suspended
solids and other organic pollutants is necessary for safe and
healthy environment. Wastewater treatment by filtration is
considered to be one of the most used processes to producei-Suef University.
ity. Production and hostin
/licenses/by-nc-nd/4.0/).high quality water and effluent which can be reused for
various purposes (Chaudhary et al., 2003). The efficiency of the
filtration process depended on the chemical and physical
properties of the filter and the nature of the materials needed
to be removed.
In recent years, peoples returned to use sand filters (SFs) in
water treatment due to their simplicity, low cost, and effi-
ciency (Dalahmeh et al., 2012, 2014). Some scientists tried to
use a biofilm to increase the efficiency of the sand filter. This
type of sand filter is called biological slow sand filter (SSFs)
(Duke et al., 2006; Aslan and Cakici, 2007; Haig et al., 2014). As
the filtration process needs time reached to several days to
obtain good water without pathogens and to be certain that
the biofilm didn't pass with the water.
In this study, miswak and titanium dioxide were added to
the sand filter to increase its efficiency and performance.
Miswak (Salvadora persica or Arak) is a natural material usedg by Elsevier B.V. This is an open access article under the CC BY-
Fig. 1 e XRD pattern of TiO2 material.
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lose, and hemicelluloses are the main constituents of the
miswak. Latterly, it is used in wastewater treatment as it is
considered as a cheap natural antiseptic, enzyme inhibitor,
detergent, and astringent like activities, moreover it has
ability for high adsorption capacity (Amoian et al., 2010;
Darmani et al., 2003; Moawed, 2013; Sofrata, 2010). Titanium
dioxide nanomaterial (TiO2 or titania) has a significant interest
for being used in many application, especially in water treat-
ment. It is characterized by several properties as nontoxicity,
cheap material, adsorption of heavy metals (Mahdavi et al.,
2013), photocatalysis (Nakata and Fujishima, 2012), and
killing the microbes (Chong et al., 2010; Guo et al., 2013;
Shaban et al., 2013).2. Materials and methods
TheMiswakswere bought fresh from the local market in Beni-
Suef city, Egypt. Commercial anataseTiO2 99% was purchased
from ADWIK. Also, commercial white sand is used.
2.1. Preparation of Miswak and titanium dioxide
The raw Miswak was washed by tap and distilled water to
remove impurities. Then dried and blended in a food-
processing blender. The Miswaks powder was sieved to
obtain homogeneous particle size (Moawed, 2013).
Titaniumdioxide nanopowderwas prepared by ballmilling
method. Where, TiO2was milled by a high energy ball miller
for 9 h using ceramic balls of diameter6 mm. The balls to
powder ratio was15:1 (Furlani et al., 2014).
TiO2 was characterized by X-ray diffraction (XRD) pattern
(D8 Advance X-RDIFFRACTOMETER). The mineralogy of sand
was determined using X-ray fluorescence (XRF) spectroscopy
(Philips PW 2404). In addition, the morphology and geometry
of the sand and Miswak were deduced using scanning elec-
tron microscopy (JEOL JSM-6510 LA SEM).
As shown in Table 1, XRF analysis of sand shows very high
content of silica which indicates good purity of silica sand
(Saaid et al., 2011). Fig. 1 shows XRD pattern of TiO2 material.Table 1 e Sand Sample Composition (XRF
analysis).
Content (weight %) Sand
SiO2 99.650
Al2O3 0.081
Na2O 0.010
K2O <0.001
CaO 0.042
MgO 0.020
Fe2O3 0.075
TiO2 <0.001
P2O5 <0.001
SO3 0.016
Cl 0.011
Cr2O3 0.005
ZrO2 <0.001
MnO2 <0.001This figure indicates that it is a pure anatase phase of TiO2
with crystal size 60 nm.
From the SEM image of sand and Miswak (Fig. 2(A, B)),
almost grain size of the sand ranged from 130 to 150 m. As well
as the miswak diameter and height ranged from 0.01 to
0.1 mm and 5e7 mm, respectively.2.2. Experimental design
The three different pilot scale sand filters (SF-1, SF-2, and SF-3)
are illustrated in Fig. 3. Miswak, TiO2, and sand were each
manually packed in coulms with diameter 8 cm and depth
20 cm. For preventing the penetration of sun light the coulms
were covered with black plastic. The feed water sample is a
natural sample fromBeni-Suef station for Sewagewater, Beni-
Suef, Egypt.2.3. Analytical methods
The filtration process of three filters was operated for 3 h, then
the permeate was collected. The feed and permeate quality
parameters were measured using ultraviolet (UV) analyzer
(PASTEL-UV70MP316). Additionally, the total bacterial con-
centration was detected by plate count agar method. Where,
serial dilutionswere performed onwater samples to be tested.
The dilutions selected that will yield plates with counts of
30e300 colonies. A1 mL of each test dilution was dispensed
into separate test dilutions. 10mL of tempered (45 C) agarwas
added to petri dishes containing test dilutions. The dishes
were swirled to thoroughly mix the agar and test dilution. The
plates were let to cool and solidify. Finally, they were incu-
bated at 35 C for 48 h (Allen et al., 2004).
The total bacterial count was calculated per milliliter of
sample by multiplying the average number of colonies per
plate by the reciprocal of the dilution used. The count was
reported as CFU/mL.
The removal % (R%) of the pollutant parameters were
calculated by the Equation (1).
%R ¼ ððC1  C2Þ=C1Þ  100 (1)
where C1 is the parameter concentration before filtration and
C2 is the parameter concentration after filtration.
Fig. 2 e SEM image of A) sand and B) Miswak after blending.
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The difference in water colour is shown in Fig. 4. Where the
feed water is greenish yellow and SF-1, SF-2, and SF-3
permeate is colourless, golden yellow, pale yellow, respec-
tively. The golden yellow colour in SF-2 permeate is attributed
to the miswak. When SF-3 was used, this yellow colour began
to disappear due to the presence of TiO2 that has high
adsorption capacity.
As shown in Fig. 5, the total suspended solids (TSS) con-
centrationwas lower than the initial concentrationwhichwas
154 mg/L where, TSS removal% reached to 98.05% for both SF-
1and SF-2. By using SF-3 the removal% decreased to be
94.8%.The decreasing in TSS removal% in SF-3 may be
ascribed to passage of some TiO2 with permeate.
The chemical oxygen demand (COD) in the feed water was
265 mg/L. From Fig. 6, COD was removed from the water byFig. 3 e Schematic diagram of the experimental setup and s47.54%, 90.94%, and 95.47% in case of SF-1, SF-2, and SF-3,
respectively. Moreover, the biochemical oxygen demand
(BOD) was 101 mg/L in the feed water. When SF-1, SF-2, and
SF-3 were used, the removal % of BOD reached to 75.94%,
89.1%, and 90.09%, respectively. The removal % of BOD is
illustrated in Fig. 7.
In addition, the total organic carbon (TOC) in the feedwater
was 75 mg/L. The removal % (Fig. 8) became 70.66% in case of
SF-1and 86.66% in case of SF-2 reaching to 89.33% in case of
SF-3.
As shown in Table 2, surfactants (SUR) were decreased by
using SF-1. It increased in case of SF-2 and decreased in case of
SF-3. This increasing returned to the Miswak. Moreover, ni-
trates (NO3
-) increased in case of SF-1 and decreased in case of
SF-2 and SF-3.
The total bacterial count in the initial sample was too
numerous to count (TNTC). It was reached to 4 CFU/mL by
using SF-1 and absent in case of SF-2 and SF-3. This wastructures of the three sand filters (SF-1, SF-2, and SF-3).
Fig. 4 e Photographic image of the feed water and permeate from the three filters (SF-1, SF-2, and SF-3).
Fig. 5 e TSS removal% from the feed by using SF-1, SF-2,
and SF-3.
Fig. 7 e BOD removal % from the feed by using SF-1, SF-2,
and SF-3.
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addition, the presence of TiO2 nanomaterials with miswak
increases the efficiency of the filter. Surfactants are com-
pounds that lower the surface tension (or interfacial tension)
between two liquids or between a liquid and a solid. Surfac-
tants may act as wetting agents, detergents, dispersants,
emulsifiers, and foaming agents. Surfactants can be found in
water as a result of wastewater irrigation, sludge application,Fig. 6 e COD removal % from the feed by using SF-1, SF-2,
and SF-3.washing, and remediation processes. Some of them are toxic
to animals, plants, and humans, and can increase the diffu-
sion of other contaminants. Also, surfactants increase the
COD of the wastewater and they are difficult to remove
(Ivankovic and Hrenovic, 2010; Juradon et al., 2013).Fig. 8 e TOC removal % from the feed by using SF-1, SF-2,
and SF-3.
Table 2 e Some analysis of feed water and the three
different filters permeate.
Feed water SF-1 SF-2 SF-3
Colour Greenish yellow Colourless Yellow Pale yellow
NO3
 0.9 mg/L 4.6 mg/L 0.9 mg/L 0.9 mg/L
SUR 0.89 mg/L 0.89 mg/L 2.3 mg/L 0.89 mg/L
Total
bacterial
count
TNTC 4 CFU/mL NIL NIL
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The addition of the miswak to sand filter improved the per-
formance of filter. It gets rid of bacteria in short time and
increased the reduction of TSS, COD, BOD, and TOC. But it
gives the water the golden yellow colour. Also the addition of
TiO2 nanomaterials improved the efficiency of the filter. This
observed in the water colour, COD, BOD, TOC, and SUR. The
efficiency and performance of the sand filter were increased
with a simple low cost method. An alternative method for the
traditional biological sand filter was introduced.r e f e r e n c e s
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